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L.  T.  Kurchatov  Order  of  Lenin  Institute  pf  Atonic  Energy 

Ye.  Pi:  Valikhov,  fa.  A.  Kareyev,  V.  T.  Karpukhin,  A.  I.  Karasev,  A. 

I*  Koi'chenko,  Y.  A.  Laois,  A.  D.  Nuzycbenko,  A.  Y.  leiospasov,  V.  D. 
Panchenko. 

Experimental  Stationary  HHD-instailatioi^  Opera  king  On  Baakine  Cycle 
(Construction  and  technological  problens) 

AIIOTATIOB 

la  the  work  is  given  a description  of  the  eleneats  and  units  of 
therapphysical  circuit,  HUD- generator  unit,  magnetic  systen  of  the 
experimental  installation,  operating  on  Baakine  cycle  on  a nix tore  of 


G 


aercury  and  cssiai.  There  is  exanined  a on abac  of  tachnological 
probleas,  connectad  with  tha  salection  of  coostmction  aaterials, 
preparation  of  the  circuit  for  operation. 


II.  CO  M STB  OCT  10  M AND  C HABACTEBISTICS  OF  THE  OMITS  OF 


IMSTALLATIOiyH-30. 


XI- 1.  Block- diagran  of  the  installation.  The  diagraa  of  the 
tberapphysical  circuit  of  the  installation  H-30  and  its  overall  view 
are  presented  in  Figs.  1 and  2.  The  heating  and  evaporation  of  the 
aaalgaa  occur  in  the  evaporator  (1),  then  the  tenperature  of  vapor  is 
raised  to  900*C  in  the  steaa  superheater  (2).  Through  a 
high -tenperature  a teas  pipe  the  vapor  enters  the  unit  of  the 
experiaental  MBD- generator,  placed  in  the  gap  between  coils  of  a 
solenoid  (4).  Ia  the  nozxle  part  of  the  unit  the  flow  velocity  of  the 
gas  increases  to  supersonic.  The  kinetic  energy  of  the  flan  is 
contested  into  electrical  in  the  channel  of  NHD-gen orator  (3).  In 
wa  ter  **cool  able  condenser  (5)  the  steaa  is  condensed,  liquid  analgan 
of  cesiua  is  passed  through  a settling  hank  with  cornet  filters  (6) 
for  purification  fron  solid  slags  and  through  a pipeline  by  gravity 
flow  is  returned  to  the  evaporator. 
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the  preparation  of  cesian  aaalgan  is  accoaplished  in  an  aaalgan 
tank  K®)  # to  which  is  connected  the  aercury  and  cesian  distillers. 
The  aaalgan  is  poured  off  into  this  sane  tank  daring  reassenbly  of 
the  installation  and  in  eaergency  conditions.  The  coaposition  of  the 
aaalgan  in  the  circuit  is  changed  either  by  reloading  of  conponents 
(roughly),  or,  aore  precisely,  by  adnission  of  cesiua  vapor  (9)  fron 
the  systen  of  adaission  of  cesian  into  high-tenperatare  stean  pipe 
before  the  channel  of  the  BBD-generator.  She  renoval  of  foreign 
bodies,  located  la  the  circuit  in  gaseous  phase,  is  provided  by  the 
vacuaa  systen  of  the  circuit  (10).  The  theraophysical  paraneters  of 
the  installation  and  the  eienents  of  the  circuit  are  controlled  fron 
a central  panel. 


3.  IMTBODUCTIOB 

In  the  I.  V.  Kurchatov  Institute  of  Atonic  Energy  for  a nunber 
of  years  work  has  been  perforned  on  the  study  of  the  problea  of  the 
BED  cpn version  of  theraal  energy  into  electrical  with  the  use  of  the 
nonegeilibrius  conductivity  of  plasaa.  The  prog ran  of  sort  includes 
the  investigation  of  guestions  connected  eith  the  physics  of  notion 
of  poaeguilibriua  plasaa  in  a aagnetic  field,  the  effectiveness  of 
eeergy  conversion,  technology  of  BED-geaesator*  etc.  In  accordance 
with  this  prograa  there  was  designed  and  constructed  the  experiaental 
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stationary  HHD-gaaerator  fl-30#  oparatiag  on  Bankine  cycle  on  a 
aiztare  of  aercary  and  ceslua.  As  an  experiaental  Installation  it  has 
a nuaber  of  advantages  in  coaparison  with  installations  operating  on 
the  Brighton  cycla:  siaplicity  of  coaplet£on  of  cycle,  absence  of  the 
problea  of  introdnctipn  and  reaoval  of  easily  ionizabla  additive.  The 
selection  of  aercary  with  the  addition  of  cesiaa  (cesiua  aaalgaa)  was 
deterained  by  its  aore  favorable  theraophysical  characteristics  with 
respect  to  other  aetals  (thalliun,  zinc  etc.). 

The  basic  paraaeters  of  the  installation  are  the  following: 

1.  Plow  rats  of  vapor  - up  to  100  g/s. 

2.  Stagnation  teaperature  - 900°C. 

9.  Stagnation  pressure  - op  to  0.6  ata(abs). 

••  Mach  nuabar  at  channel  inlet  dtt.8. 

5.  Hagnetic  field  • 4 I. 


IX- 2.  Cesiua  aaalgaa  evaporator.  Is  the  working  aiztare  of  the 
H— 30  installation  there  is  used  casian  ensign n (35  at.  o/o  css inn  and 
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65  at.  o/o  aeccaril  • This  coe posit  ion  of  aaalgaa  aade  it  passible  to 
obtain  the  necessary  ratio  between  the  basic  gas  and  the  easily 
ionizable  addition,  in  order  vith  reasonable  energy  expend itures  to 
provide  none quill  briun  conductivity  of  plasna,  on  the  order  of 
several  tens  of  nho/n  in  the  channel  of  the  HHD-generatoc.  The 
diagran  of  partial,  pressures  of  coapoaeuts,  constructed  oa  the  basis 
of  anelysis  of  experinental  [1]  and  calcuiation  [2,  3]  data,  is 
presented  in  Pig.  3.  The  analgan  evaporator  (Pig.  4)  was  rated, 
proceeding  froa  the  conditions  that  the  vapor  flow  rata  should  be 
approxinately  100  g/s  at  tenperature  700°C.  It  is  nanufactured  froa 
sbeel  El-6 95 H,  having  satisfactory  strength  characteristics  in  the 
indicated  tenperature  range.  The  diaaeter  of  the  bottoa  of  the 
evaporator  is  800  an.  The  usable  electric  power  is  30.5  kf . Into  the 
evaporator  is  loaded  115  kg  of  cesiua  anal gas  (71.4  kg  aercury  and 
43.6  kg  cesiua).  To  the  housing  of  the  evaporator  are  aounted  level 
gauge*  theraocouple  sensors  and  a pressure  sensor. 


II-3.  Stean  superheater.  Further  increase  of  the  gas  tenperature 
froa  700  to  900°C  is  accoaplished  in  the  stean  superheater.  The  steaa 
superheater  is  aade  in  the  forn  of  lyre-shape  bended  tube  50  an  in 
diameter  froa  steal  KI-652  (GOST  5632-61),  heated  by  electric  current 
(12  T x 1500  A)  t)  tenperature  1100*C  (Pig.  5).  Length  of  the  tube  is 
4*  The  usable  electric  power  is  18  ki.  she  steaa  superheater  is 
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placed  in  a thacostat.  As  heat-insulation  aaterial  of  the  theraostat 
there  is  used  silica  fiber.  At  the  eatraace  and  exit  of  the  steaa 
superheater  there  are  pressure  indicators  and  thernocouples. 

H-4.  Unit  of  experiaental  n HD- gen  or  a tor . this  unit  consists  of 
a high- ten pe rat or a steaa  line,  located  in  the  gap  betueen  the 
solenoid  soils,  acceleration  device  (nozzle),  channel  of 
HHD-generator  and  a diffuser.  This  part  of  the  installation  is 
replaceable,  the  construction  of  separate  eleaents  can  ba  changed 
depending  on  the  type  of  investigated  HHD-generator.  As  oae  of  the 
versions  for  axpariaent  there  was  aanufactured  a Faraday  type  linear 
HHD-generator.  The  theraodynanic  paranete.rs  of  flou,  the  geoaetry  of 
the  channel  and  the  electrical  paraaeters  of  the  generator  were 
exaained  by  guasi-unidiaensional  theory  taking  into  account  the 
tarbulent  conductivity  of  plasaa  [4,  5].  During  the  calculation  of 
the  epperiaental  characteristics  of  HHDq  ae  used  data  of  specially 
conducted  expedients  on  the  study  of  no^eguilibriue  conductivity  of 
aercury-casiua  plasaa  [5,  6].  The  construction  of  the  channel  unit, 
as  the  entire  installation  on  the  vhole,  should  be  accoaplished 
taking  into  account  the  inadaissibility  of  depressurization  of  the 
circa}t.  Because  of  this,  there  was  proposed  a version  of  placeaent 
of  the  container  of  the  channel  inside  a vacuaa-tight  housing.  The 
inside  of  this  hoasing  has  a pressure  control  systea.  The  container 
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of  the  generator  is  nanufactured  froa  caraaic  (puce  alaaiaua  oxide) 
and  can  be  asseabled  froa  separate  plates  or  all-soldered.  As  the 
electrode  aaterial  is  used  tuagsten-rheaion  alloy  (cathodes)  and 
aiobiaa  (anodes).  For  optical  neasurenents  in  the  vails  of  the 
channel  and  housing  are  nounted  sapphire  disks.  The  leads  of  the 
electrodes,  theraocouple  sensors  and  tubes  for  the  aeasaraaeat  of 
pressure  outside  are  accoaplished  through  sealed  leads  of  the  outer 
boosing. 

the  diffuser  of  the  linear  version  of  the  channel  is  represented 
by  a rectangular  container,  asseabled  froa  ceranic  plates. 

The  view  of  the  steel  sides  of  the  outer  body  vith  sealed  leads 
and  caraaic  channel  is  presented  in  Pigs.  6 and  7. 


II-5.  Condenser.  Froa  the  unit  of  the  experinental  Hfl D- gene rat or 
through  a compensation  bellows  unit  the  aercury-cesiua  vapor  enters 
the  condenser  at  teuperature  600-700°C  (Fig.  8).  The  cooled  cesiua 
aaalgaa  through  the  pipe  line  is  returned  to  the  evaporator.  The 
condenser  is  aade  in  the  "pipe  in  a pipe*  scheae  and  is  designed  for 
the  reaoval  of  heat  load  up  to  50  kB.  The  condenser  is  aade  froa 
Steel  KhlSBlOT  (S3 ST  5949-61).  The  diaaeter  of  the  body  of  the 
condenser  is  325  aa*  inner  pipe  is  267  aa.  The  height  of  the 


j 
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condenser  is  1495  an.  The  condenser  is  copied  with  desalinized  water. , 
For  aeasurenent  of  the  water  teaperature  at  the  entrance  and  exit, 
and  also  for  aeasurenent  of  the  flow  rate  there  are  installed 
resistance  thernoaeters  and  differential  nanoaeters.  Fron  the  top 
part  of  the  cavity  of  the  condenser  through  a pipe  liaa  with  disaster 
100  an  and  length  2 an  the  gaseous  iapurities  are  puaped  out  by  a 
aercury  diffusion  apparatus  RTA-05-2. 

Introduction  of  cesiua.  The  content  pf  addition  in  the  steaa  can 
be  changed,  quite  rapidly  (toward  increase)  by  the  injection  of  cesiua 
vapor  into  the  supply  pipeline  before  the  nozzle  of  the 
BBD-genera tor.  The  systea  for  additional  introduction  of  cesiua 
consists  of  an  evaporator  and  high-tenperature  pipeline  (Fig.  9).  The 
flop  rate  of  cesiua  is  aonitored  by  readings  of  the  level  gauge  in 
the  cesiua  evaporator.  The  teaperature  of  cesiua  vapor  at  the  inlet 
to  the  sain  steaa  line  is  900°C. 

JI-6.  Bagnetic  systea.  For  excitation  of  the  aagnetic  field  in 
the  channel  of  BHD-geaerator  there  is  used  a gate r-cool able  battery 
type  solenoids  (Fig.  10)  # nanufact  ured  in  the  D.  T.  Tefreaov  BIIBFA. 
The  solenoid  consists  of  two  cylindrical  coils  with  external  dianeter 
1280  as  and  iateraal  dianeter  420  an.  The  ainiaua  clearance  between 
coils*  in  which  the  experiaental  channel  unit  is  placed*  is  50  an. 
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The  aagnitude  of  aagnetic  induction  in  the  clearance  is  4 T.  Fig.  11 
shows  curves  of  propagation  of  the  aagnetic  field  along  the  axis  of 
the  solenoid  and  Along  the  radius.  It  is  possible  to  see  that  the 
heterogeneity  of  the  aagnetic  field  in  the  region  of  location  of  the 
channel  of  NHD-geaerator  does  not  exceed  0.5  o/o. 

Each  solenoid  coil  has  a supporting  housing  of  KhlBHOT 
stainless  steel  and  copper  winding.  The  winding  is  aade  froa  78 
copper  disks  5 aa  thick,  butt  welded.  As  interloop  insulation  there 
is  used  Lavsan  0.2  aa  thick.  The  coil  has  128  radial-axial  holes  35 
aa  in  diameter  for  the  passage  of  cooling  water.  The  weight  of  the 
coil  is  5 t- 

The  power  usa  of  the  solenoid  is  3.25  HV  (25000  A x 130  T).  T>he 
power  supply  systaa  includes  a powerful  silicon  rectifier  of  type 
fAK-160- 25000.  For  cooling  the  solenoid  winding  there  is  ased 
desalinized  water.  The  flow  rate  of  water  through  the  solenoid  is 
«lfea*/h.  Purification  of  the  water  up  to  resistance  tt  2 HQ/ca  is 
accoaplished  with  the  aid  of  ion-exchange  resins. 

JI-7.  Systea  of  autoaatics  and  KIP.  (The  indicated  systea  is 


designed  for  autoaatic  control  of  the  teeperature  conditions  of  the 
cireait,  the  pressure,  level  and  flow  rate  of  the  working  nediua. 
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flow  cats  of  cooling  water,  and  also  for  giving  warning,  ftaergeacy 
signals  and  shotting  off  separate  eleeents  and  the  installation  on 
the  whole.  It  consists  of  theraoconple  sensors  with  secondary 
instronents  of  type  pst,  differential  nanoaeters  DR,  level  gauges 
POZhH  with  secondary  instruaents  EPV.  Scheaatic  diagraa  of 
aeasoreaeats  of  the  theraophysical  parameters  of  the  circuit  is  given 
in  Fig.  12.  secondary  instruaents  of  various  sensors,  aonitoriag  and 
oontrpl  instruaents  of  the  electrical  parameters,  signal  a mature  are 
placed  in  the  panel  installation. 

Systea  of  neasureaent  of  pressure  of  the  working  aediun. 

The  pressure  aeasuring  systea  consists  of: 

a)  compensation  type  sensors,  contact; 

b)  electromagnetic  valves,  providing  change  of  the  compensation 
pressure  of  argon; 

c)  differential  aanoneter  "DR"  in  a set  with  secondary 
instruaents  DSB-1,  designed  for  aeasureaeat  of  the  compensation 
pressure ; 

control  circuit  of  operation  of  aiectroaagnetic  valves. 
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Heasureaent  occurs  in  the  following  wanner.  The  contact  of  the  sensor 
through  am  interaediate  relay  controls  the  operation  of  the 
electronag netic  valves  so  that  in  the  cavity  above  the  aeasuring 
bellows  (Fig.  18)  there  is  established  argon  pressure,  equal  to  the 
aeasured  pressure  of  the  vapors  of  working  aediua. 

The  conpeasafcion  pressure  is  aeasured  by  differential  aanoneter 
"DH”  and  is  recorded  on  secondary  iastruaent  DSR. 

111.  TECHNOLOGICAL  PROBLEMS  OP  IISTALLAT10V  R-30. 

Bith  the  creation  of  closed  circuit  pf  MHD-generator,  using 
nonegailibriua  coad activity  of  working  aediua,  there  appears  a 
consideral  quantity  of  coaplicated  technological  questions,  such  as 
the  selection  of  structural  naterials  taking  into  account  their 
interaction  at  high  teaperature  with  aggressive  working  aediua,  which 
is  the  aixture  of  cesiua  and  nercury,  welding  of  units,  the  provision 
of  very  high  (10**  - lo~*  o/o)  purity  of  working  aediua,  high 
aechaaical  and  electrical  strength  of  the  construction  of 
experiaental  channel  of  B>D-geaerator  etc.  Below  in  norm  let  ail  will 
be  covered  the  bugle  technological  probleas,  which  we  encountered 


DOC  * 2264 


PAGE  12 


daring  the  designing*  a*nufacture  and  the  first  operation  of  the  B-30 
circuit. 

XU-1.  Struct  oral  aaterials.  One  of  the  aost  inportant 
technplogical  probleas  during  the  creation  of  BHD-gennrators  is  the 
problea  of  the  stability  of  aaterials  in  aggressive  aedia  at  high 
teaperatures.  At  the  tiae  of  designing  the  circuit  of  the 
installation  a- 30  in  literature  there  was*  available  data  on  the 
interacting  of  various  steels  vitb  aercarf  and  4te  fsnw  eel*!?  at 
teaperatures  up  to  700-800°C.  At  higher  teaperatures  (900-1100°c) 
there  was  no  infornation  about  the  interaction  of  netal  and  electric 
insulating  aaterials  with  cesiua  aaalgaa.  Therefore  a cycle  of 
relatively  short- duration  tests  was  conducted  on  various 
heat-resistant  steels,  alloys,  welding  saaples,  and  also  ceraaics  in 
a aercury-cesiua  aediua  for  the  purpose  of  their  selection  for  use  in 
constructions  of  the  installation.  The  aaterials  were  tested  on  I.  V. 
Kurchatov  IAE  stands,  and  analysis  of  interaction  - in  A.  A.  Baykov 
IBET  and  other  organizations.  The  nethods  of  testing  involved  holding 
the  saaples  in  cesiua  aaalgaa  vapors  at  teaperatures  900-1 100°C  in 
vacuua  chaabers.  The  chaabers  preliainarily  undergo  nany  days  of 
vacwua  conditioning  at  teaperature  600°C.  Reaaiaing  rarefaction  was 
always  better  than  1.10”**  torr.  After  preliaiaary  outgassiag  the 
saaples  were  heated  to  the  needed  teaperature  either  by  direct 
passage  of  current  or  in  special  theraostats.  The  appropriate 
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measures  were  taken  for  preventing  the  maples  froa  getting  dost; 
froa  the  aaterial  of  the  walls  of  the  chambers.  The  tenperatore  was 
aonitored  through  sapphire  windows  by  an  optical  pyroneter.  Vapor 
pressure  of  aaalgaa  was  created  by  heating  the  tap.  in  which  the 
cesiun  aaalgaa  of  50  o/o  composition  (50  at.  o/e  Hg  and  50  at.  o/o 
Cs)  was  distilled..  Holding  at  assigned  pressure  (-  45  torr  of  aercury 
and*»1.1  torr  of  cesiun)  was  conducted  for  50  hours.  The  following 
steels  and  alloys  were  tested;  VZh-100.  1-2.  El-5591.  BI-652. 
Kh18I<IOT.  alloy  0Kh15  E10H2.  During  investigation  of  the  sanplea 
after  tests  the  following  characteristics  were  determined: 

1.  State  of  the  surface. 

2.  Change  of  weight. 

3.  Plasticity  during  bending. 

I.  Hicrostructure. 

Tests  showed  that  at  teaperature  1000*C  the  best  characteristics  show 
steel  El -6 52.  On  the  saaple  were  observed  the  least  losses  of  weight, 
it  did  not  have  a noticeable  change  of  state  of  the  surface  and 
possessed  the  greatest  plasticity.  Therefore  as  structural  naterial 
for  elements  of  the  circuit,  operating  at  wall  teaperature  1000°C 
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(steaa  superheater*  unit  of  experiaental  HAD- channel) * steel  SI-652 
was  selected.  Pros  it  the  corresponding  tubes  and  forgings  eere 
nanu factor ed.  Holding  tests  of  tkia  steel  also  gave  satisfactory 
results.  Por  anal  gas  evaporator  ■ 610*0)  steel  EI-695K  was 

selected*  and  the  regaining  parts  of  the  circuit  were  naan  factored 
fron  steel  K hi  SHOT* 

Electric  insulation  naterials  (Eld)  are  used  for  the  creation  of 
the  channel  of  HHD-generator.  During  its  pperation  depending  on  the 
node  there  can  appear  electrical  voltages  up  to  1000  V (nr  100  V/ca). 
This  requires  the  application  of  good  insulation  of  electrodes* 
current  leads  and  diagnostic  sensors  f roe  the  body  of  the  channel. 

Analysis  of  data  on  the  coapatibility  of  various  cerauics  vith 
nercury*  cesiun  and  various  electrode  naterials*  and  also  the 
conducted  tests  shoved  that  cerauic  on  an  aluainun  oxide  base  (pure 
or  vith  the  addition  of  yttriua)  is  suited  as  a structural  aaterial. 
Proa  this  ceranic  were  nanu factored  shaped  containers  for  HHDG * 
electrode  plates  and  leads. 

Electrode  naterials.  The  selection  of  electrode  naterials  is 


deterained*  besides  the  satisfaction  of  reguireaents  for 
coapatibility*  by  the  degree  of  their  eaissivity.  According  to 
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calculations  tha  current  density  froa  on»  electrode  in  the  NBDG 
channel  of  the  B-30  installation  eas  as  5 A/cn*.  Consequently#  it  aas 
necessary  to  have  electrodes#  providing  the  prescribed  density  of 
esission  uniforaly  over  the  entire  surface,  without  tha  Carnation  of 
cathode  spots#  or  the  heterogeneities  of  current  in  the  HBDG  channel 
with  nonegualibrica  conductivity  strongly  affect  the  efficiency  of 
conversion.  Special  experiments  were  conducted  in  discharge  tubes 
with  electrodes#  nanuf actured  froa  various  aaterials  [7].  Priaarily 
were  investigated  aetals  and  alloys#  in  a vacuum  having  the  aost  work 
function  of  electrons#  since  the  file  of  cesiua  is  held  the  strongest 
on  their  surface.  They  include:  b#  Ta#  Pt#  ho- Be#  B-ge.  Results 
showed  that  the  bast  aaterial  for  cathodes  working  in  aersury-cesiua 
vapqr  at  t * 900®C  is  alloy  BBe-27.  Further  invest igationa  of  this 
alloy  confined  the  high  value  of  ther  noelect  rode  enissioa#  reaching 
up  to  20  A/cn*  at  t of  cathode  f&900°C  without  the  appearance  of 
cathode  spots. 

| 

Thus#  as  cathode  aaterial  was  selected  alloy  BBe-27#  and  for 
anodes  is  used  niobiua#  having  satisfactory  stability  in  aercury  and 
cesiua  vapors  at  high  tenperature  and  coefficient  of  linear  expansion 
close  to  the  coefficient  of  expansion  of  the  applied  aluainua  oxide. 

Froa  this  aaterial  were  aaaufactured  the  current  leads#  passing 
through  the  carnal c. 
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III-2.  Systea  of  purification  of  the  working  ladlua  froa 
iapurities.  As  shown  by  the  ex  per ieoce  of  the  study  of  discharges  in 
A ♦ Cs,  He  ♦ Cs,  Hg  ♦ Cs  airtures,  the  none  qua  lib  riua  conductivity  in 
discharge,  sufficient  for  use  in  HHD-geae tutor,  takes  place  vith 
concentration  of  inpurities  (0*,  »2  etc*4  on  the  order  of  10**  - 1 0"3 
o/o  [6,  8]#  i.e«,  vith  pressure  of  aercury  50  torr  and  cesiua  10* » 
torr,  pressure  of  the  reaaining  gases  should  be  less  than  10“ 4 - 10** 
torr.  This  superposes  the  deteraination  of  the  condition  not  only  on 
the  selection  of  aaterials  of  the  circuit  of  the  installation,  but 
also  on  the  develapaent  of  a coupler  systea  of  aaintaining  the 
indicated  level  of  iapurities  in  the  operating  node  of  the 
installation.  This  coupler  of  neasures  is  put  together  froa  the 
prelininary  technological  preparation  of  the  eleaents  of  the  vacuna 
circuit  of  the  installation  (all  possible  aethods  of  cleaning  the 
parts  froa  oil  and  other  contaainants)  , subsequent  vacuus 
conditioning  in  hpt  state,  evacuation  in  operating  node,  purification 
of  the  cesiua  aaalgaa  froa  slags  in  ceraat  filters  and  purification 
of  gases,  adnittad  into  the  circuit  of  the  installation. 

Vacuuaing  of  circuit,  pressure  of  the  renaiaing  gases  ia  the 
installation  on  the  order  of  10'"*  torr  in  the  operating  node  is 
provided  by  the  systea  of  oil- free  evacuation  of  the  circuit.  It 
consists  of  a aercury- Jet  diffusion  unit  of  type  BVA-05-2  vith 
capacity  200  i/s  vith  pressure  10**  torr  and  two  seolite  forevacuua 
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units  of  type  Tsfl-1-1.  Evacuation  of  the  circuit  in  the  operating 
node  |s  accomplished  froa  the  cavity  of  the  condenser.  Hit h 
preliainary  (until  filling  with  working  aediua)  wacnusing  of  the 
circuit  additionally  to  the  HTA-05-2  is  connected  a DBI-53  type 
nercury  puap,  placed  in  the  region  of  the  asalgan  tank.  For  the 
creation  of  preliainary  rarefaction  in  the  circuit  after  adsissioa  of 
inert  gas  into  the  circuit  in  eaergency  conditions  or  with  the 
replaeeaeat  of  soae  eleaents  of  the  circuit  there  is  used  a 
fore  vacuus  puap  with  zeolite  trap  (silica  gel  ♦ activated  carbon)* 
hot  trap  (copper  at  t 3 400°C)  and  water-cooled  trap. 

Pig.  14  shows  the  dependence  of  the  pressure  of  reaaiaing  gases 
in  the  installation  on  the  tine  of  evaciation  with  warning  up  without 
filling  with  workLng  nediun.  the  aagnitude  of  pressure  of  renaining 
gases  in  the  condenser  is  5. 1Q~*  torr,  in  the  evaporator  5.10“*  torr. 
is  can  be  seen  frga  the  provided  data,  the  systea  of  evacuation  with 
the  appropriate  node  of  vacuun  conditioning  can  provide  the  indicated 
percentage  of  iapurities  of  foreign  gases  in  the  circuit  of  the 
installation. 

> 

Purification  of  inert  gases,  (argot*  nitrogen  etc.)  froa 


aoisture  and  oxygen,  intended  for  adaission  into  the  circuit  of  the 
installation,  is  accoaplished  by  passing  first  through  a silica  gel 
filter,  then  aelted  alkali  netal  and  a trap  cooled  with  nitrogen* 
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Preliaiaary  pacification  of  aercarf  and  cesiaa  fcoa  jasts 
dissolved  in  tliaa  bafoce  pouring  into  tha  circuit  of  the  installation 
is  accoaplishad  by  rapantad  distillation  andar  evacuation  in  tha 
appropriata  distil lacs. 

Vka  caranic  parts  of  the  channel  also  undergo  coaplax 
purification  fron  contaninations  by  chaaical  agents,  ultrasound  and 
subsaguant  vacuua  annealing  at  teaperature  1300- 1500®C-  Tie  assaablad 
nodal  of  tha  channel  before  installation  in  the  circuit  undergoes 
tests  for  airtight  ness,  electrical  strength  and  heat-resistance  on  a 
special  stand. 
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Pig.  I.  Block  diagran  of  installation  B-30. 

I.  cesion  analgan  evaporator.  2.  Stean  superheater.  3.  . Unit  of 
eiporinental  BIDS.  4.  Solenoid.  5.  Coad^Mt.  6.  Settling  tank  «ith 
filter.  7.  Level  stabilizer.  8.  knalgan  tank.  9±  Cesion  evaporator. 
10.  Hercury  diffusion  and  zeolite  vacnnn  units. 
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Fig*  i*  Channel  of  NHD-generator*  Sides  o ■£  outer  housing, 


Pig.  7.  channel  of  hhd- generator.  Cera ale  container.  Heat  shields. 
Sealed  leads. 
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Pig*  8*  Condenser. 


Pig.  10.  Solenoid  SO- 7. 


Pig.  J1.  Carves  of  distribution  of  nagnotic  field  along  the  axis  of 
the  splenoid  and  along  the  radias. 
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Fig.  22.  scbeaatic  diagraa  of  neasurenents  of  theraoph ysical 
pacaa«ters  of  tbe  circuit- 

Kty.  2.  thermocouple.  2.  surfaca  theraocouple.  3.  resistance 
tkeraoaeter.  «.  na none trie  laap.  5.  potent ioaetsic  level  gauge.  6. 
pressare  bleed.  7.  diaphraga. 


Fig.  23.  Pressure  sensor. 


1»‘  nee  soring  ball)  vs.  2.  Pressurising  ballons..  3.  Screv-nut  pair.  4. 
aovabia  castect,  isolated  f ron  body.  5*  Body  c - aaasared 


sating  pressure 
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Pig.  14.  Dependence  of  pressure  of  renaming  gases  in  the  circuit  of 
the  iastallation  on  tiae:  • - pressure  in  condenser  (cold  circuit); 
#»pressurn  ia  naalgan  evaporator  (hot  circuit)  . 
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